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COMPARISON  OF  AERODYNAMIC  CHARACTERISTICS  OF  LIVE  AND  INERT 
70- MM  T231  GUN- BOOSTED  ROCKETS  (u) 

ABSTRACT 

Firings  were  made  in  the  Transonic  Range  of  the  Ballistic  Research 
Laboratories,  to  determine  the  effects  of  a  burning  motor  on  the  aero¬ 
dynamic  properties  of  the  TO-jnm  T231  rocket.  A  comparison  of  the  aero¬ 
dynamic  properties,  with  and  without  a  live  motor,  showed  only  minor 
differences.  The  largest  difference  is  a  10$  increase  in  the  normal 
force  which  may  only  be  a  reflection  of  the  uncertainties  of  the  inertial 
properties . 
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INTRODUCTION 

With  the  development  of  new  instrumentation  and  data  analysis 

techniques  it  has  become  possible  to  employ  the  spark  photography  ranges 

1  2 

in  studying  the  flight  of  gun-boosted  burning  rockets  *  .  At  the  request 
of  the  Computing  Laboratory  the  70-mm  T231  rocket  was  tested  in  the 
Transonic  Range  of  the  Exterior  Ballistics  Laboratory,  in  order  to  determine 
the  effect  of  the  burning  motor  on  the  aerodynamic  properties  of  this  pro¬ 
jectile.  A  photograph  of  the  projectile  is  shown  in  Figure  1.  A  shadow¬ 
graph  of  the  rocket  in  flight,  at  1565  fps,  is  shown  in  Figure  2. 

The  program  consisted  of  the  firings  of  six  rounds  with  burnt  motors 
and  eight  rounds  with  live  motors.  All  rounds  were  fired  from  a  70-mm  open 
breech  launcher  (Fig.  3)  with  a  twist  of  l/l2.  The  first  two  rockets^fired 
exhibited  very  little  yaw.  Since  a  minimum  of  two  to  three  degrees  of  yaw 
is  desirable  in  the  analysis  of  the  yawing  motion  it  became  necessary  to 
induce  yaw.  This  was  done  by  installing  a  blast  deflector  (Fig.  4)  at  the 
muzzle  of  the  gun  for  the  remainder  of  the  rounds.  This  device  distorts 
the  flow  of  the  gun  gases  over  the  model  Just  after  ejection  and  gives  the 
model  a  tipping  tendency. 

The  rockets  were  observed  for  a  distance  of  680  feet.  Reference  3 
shows  that  peak  acceleration  occurs  at  about  1300  feet  and  that  zero 
acceleration  occurs  at  about  2600  feet,  the  latter  part  being  usually 
terminal  burn  out.  The  acceleration  falls  very  rapidly  from  the  peak  to 
a  low  level  and  it  seems  reasonable  to  presume  that  effective  burn  out 
occurs  nearer  1300  feet  than  2600  feet.  If  a  constant  rate  of  change  of 
mass  is  to  be  presumed,  then  it  is  more  realistic  to  assign  a  value  of 
burn  out  at  or  near  1300  feet,  although  the  exact  position  is  somewhat 
arbitrary.  In  the  analysis  presented  here  the  physical  properties  of 
the  rocket  were  assumed  to  vary  linearly  between  the  gun  and  1300  feet, 

1300  feet  being  considered  complete  burn  out.  The  physical  properties  of 
the  rocket  are  given  in  Figure  5» 
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If  the  burn  out  distance  had  been  assumed  to  be  2600  feet  (indicated 
burn  out)  the  following  changes  would  occur  in  the  data: 


Inertial  properties 


Aerodynamic  properties 


Mass 

cm 


A 

B 


+  4^ 

.05  Cal  toward  base 


+  % 


Vkma 


+  4$ 

+  % 

+  4 $ 

.04  cal  toward  base 

+  4 4> 

+  3$ 


However,  it  is  believed  that  the  1300  foot  ,fburn  out"  value  is  more 
realistic.  At  such  time  when  better  estimates  of  the  inertial  properties 
are  made  the  coefficients  can  be  recomputed  and  better  values  obtained. 


A  burning  rocket  generally  introduces  certain  modifications  in  the 
data  reduction  process.  For  the  present  case,  a  rather  low  thrust  rocket 
with  a  high  burnt  weight,  the  following  considerations  appear  to  be 
sufficient  to  treat  the  problem: 


1.  The  acceleration  is  approximately  constant  throughout  the  range 
of  observation,  thereby  permitting  a  constant  pseudo  drag  value 
to  be  used  to  process  the  yaw  and  swerve  to  a  reasonable  degree 
of  accuracy. 

2.  Since  only  one  third  of  the  total  weight  is  expanded  in  flight, 
although  the  exact  variation  is  not  known,  it  seems  possible  to 
estimate  the  variation  of  the  total  mass  and  radii  of  gyration 
to  within  10$  of  a  given  point. 

3.  The  jet  damping  appears  to  be  no  more  than  10$  of  the  aerodynamic 
damping  and  can  therefore  be  neglected  in  the  first  approximation. 
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EXPERIMENTAL  RESULTS 
Velocity  and  Acceleration 

The  time  of  flight  of  each  round  was  measured  at  twelve  points  along 
the  first  700  feet  of  trajectory.  These  data  were  numerically  differentiated 
to  obtain  the  velocity  and  the  acceleration  along  the  observed  portion  of 
the  trajectory.  The  velocities  of  the  burning  rounds  are  given  in  Figure  6 
as  a  function  of  distance  along  the  trajectory.  The  acceleration  appears 
to  be  nearly  constant.  Although  the  muzzle  velocities  of  five  rounds  agree 
to  1$  variations  of  10$  in  muzzle  velocity  are  indicated.  Drag  values  for 
the  burnt  rounds  are  given  in  Table  I  as  pseudo- drag  values  for  the  burning 
rounds  are  given  in  Table  II.  These,  of  course,  reflect  the  rocket  thrust  as 
well. 

The  burnt  rounds  were  fired  at  the  maximum  allowable  pressure  but 
the  midrange  velocities  were  considerably  lower  than  those  of  the  burning 
rounds.  In  an  attempt  to  increase  the  velocity  level  the  inert  filler  was 
removed  from  the  heads  of  some  of  the  burnt  rounds  (Fig.  5).  The  reduction 
in  weight  gave  higher  velocities  but  still  about  ;10$  lower  than  the  burning 
rockets . 

Overturning  Moment 

The  overturning  moment  coefficient,  K^,  for  both  the  burnt  and  burning 
rounds  is  seen  in  Figure  7  as  a  function  of  Mach  number.  This  value  has 
been  computed  for  a  center  of  mass  position  3-495  calibers  from  the  base  of 
the  model.  Assuming  a  variation  of  with  Mach  number  similar  to  that  of 
the  seven  caliber  spinner  rocket  of  Reference  4  there  is  little  if  any 
effect  of  the  burning  motor  on  K^. 

Normal  Force  and  Center  of  Pressure 

The  normal  force  coefficient,  K^,  and  the  center  of  pressure,  CP^, 
are  given  in  Figures  8  and  9-  The  real,  or  apparent,  10$  id.se  in  for 
the  burning  rockets  coupled  with  the  apparent  lack  of  variation  of  is 
reflected  in  a  rearward  shift  of  the  center  of  pressure  of  the  burning 
rounds  by  0.2  calibers.  Since  the  lift  is  determined  from  the  swerving 
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motion  of  the  shell,  the  change  in  may  be  due  to  erroneous  average  values 
for  the  mass  of  the  shell  in  flight.  An  accurate  determination  of  this 
quantity  might  lead  to  better  agreement. 

Magnus  and  Damping  Moment 

The  Magnus  moment  coefficient,  K^,  and  the  damping  moment  coefficient 
are  plotted  in  Figures  10  and  11  as  a  function  of  Mach  number. 

The  scatter  of  the  data  in  these  graphs  appears  to  be  associated  with  non¬ 
linear  variation  of  the  parameters  to  some  degree  -  as  well  as  with  possible 
uncertainties  of  the  physical  parameters.  Treating  the  burnt  rockets  alone 
by  the  method  described  in  Reference  5  -  a  strong  correlation  with  effective 
yaw  was  obtained  (Figs.  12  and  13).  Reference  5  shows  that  the  range 
determined  values  of  damping  coefficients  are  the  combinations  given  below 
when  the  force  system  is  nonlinear: 


<KH  -  V 


range 


=  keo  +  kmao  + 


V 


«*1  Kio> 

0{  -  02 


and, 


^T 


*  B  0]  ^2  2  2 

■  *t  2  (Kio  -  •W 

i5  A  0{  -  02 


K10  f*{2  -  *20  ^ 


range 


\ + v  + v  <$>  ^ 


) 


where 


^Hg2  =  ^Hg2  "  KMAg2  +  2  SlAO 

*T2  “*T2  ‘  5  *T  ' 

15  5  0 


* 


For  the  burnt  rocket,  it  is  assumed  that  the  value  of  ^  *s  negligible 

(there  is  insufficient  data  to  do  otherwise)  and  the  and  data 

fitted  to  determine  values  of  Kl  p,  one  obtains  values  of  -4l  +  3  and 

X6 

-30  +  4  respectively  which  are  in  fair  agreement  for  the  limited  amount  of 
data. 
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The  variation  of  K_  and  K„  -  KMA  with  yaw  for  the  burning  projectiles 


are  too  uncertain  (due  to  physical  parameters)  to  warrant  any  attempt  to 
correlate  with  the  effective  yaw  parameters.  In  comparson  with  data  of 
Reference  4  there  is  about  a  20$  scatter  about  the  spinner  rocket  data 


and  there  is  no  clear  effect  of  the  burning  motor  on  and  -  K^. 


SUMMARY 


A  comparison  of  the  aerodynamic  properties  of  the  T321  rocket  both 
with  and  without  a  live  motor  showed  only  minor  differences,  about  a  10$ 
increase  in  being  the  largest.  These  differences  may  reflect  only  the 
uncertainties  of  the  physical  characteristics  of  the  burning  rocket  since 
these  are  utilized  to  infer  the  aerodynamic  properties  from  the  observed 
motion. 
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APPENDIX  B 


GRAPHS  AND  PHOTOGRAPHS 

Figure  1 

Photograph  of  T231  Rocket 

Figure  2 

Shadowgraph  of  burning  rocket  In  free  flight  (Velocity  =  1565  fps) 

Figure  3 

Rocket  launcher 

Figure  4 

Yaw  inducer  on  muzzle  of  rocket  launcher 

Figure  5 

Physical  properties 

Figure  6 

Velocity  vs.  Distance 

Figure  7 

Overturning  moment  coefficient  vs.  Mach  number 

Figure  8 

Normal  force  coefficient  vs.  Mach  number 

Figure  9 

Normal  force  center  of  pressure  vs.  Mach  number 

Figure  10 

Magnus  moment  coefficient  vs.  Mach  number 

Figure  11 

Damping  moment  coefficient  vs.  Mach  number 

Figure  12 

Magnus  moment  coefficient  vs .  effective  yaw  squared  -  Inert 
rocket  -  M  *  1.2 

Figure  13 

Damping  coefficient  vs.  "effective"  yaw  squared  -  Inert 
rocket  -  M  =  1.2 

FIGURE  1  T231  ROCKET 
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FIGURE  3  ROCKET  LAUNCHER 
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FIGURE  4  YAW  INDUCER  ON  MUZZLE  OF  ROCKET 
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PHYSICAL  PROPERTIES 


LIVE  MOTOR  LIVE  MOTOR  BURNT  MOTOR  BURNT  MOTOR 

AT  350  FT.  EMPTY  HEAD 

FROM  MUZZLE* 


A  - 

lb- in2 

10.9 

B  - 

lb- in2 

249.0 

cm  - 

in 

9-24 

m  - 

lb 

9.30 

10.1 

235.6 

9-53 

8.53 


7.9  7-^ 

200.9  177.3 

10.32  9.61 

6.43  5-54 


Midpoint  of  observations 


Figure  5 
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